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Carabelli's complex, polymorphism of Carabelli (Mizogushi, 1993) , tuberculus anomalus (used by Georg Carabelli Edlen von Lunkaszprie [Campbell, 1925] ), mesiolingual tubercle, paramolar tubercle, odd tubercle, and atrophied cusp (Hanke, 1987) .
Functionally, terms like Carabelli's cusp, fifth cusp, atrophied cusp, supplementary cusp and accessory cusp are incorrect given their position on the lingual side of the crown, which is about 2 mm lower than the occlusal level (Fig. 1B) (Woelfel, 1997) . In the present study, the term Carabelli's tubercle is used to designate this morphological characteristic.
During tooth odontogenesis, some cells of the inner enamel epithelium of the crown base (zona cingularis) retain a proliferative capacity. The development in this region of supernumerary cusps and styles is easily understood, as for example, the tubercle of Carabelli (Abrams, 1992; Pinkerton, 1999; Scott and Turner, 2000) . However, in case of an absence of development of a lingual cingulum, this region may or may not form a Carabelli groove (Abrams, 1992) .
CLASSIFICATION
In contrast to the stability of its position on the molar, this trait presents various forms, which makes its pattern difficult to establish. Initially, references to this characteristic only considered the presence-and-absence of the tubercular and lobular forms (nominal scale).
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However, Batujeff (cited in Kraus, 1959) considered pits and grooves to be manifestations of this feature. This perspective has been supported by other investigators, like Dietz (1944) and Della Serra (1951) .
Dahlberg (cited in Scott and Turner, 2000) developed an ordinal scale with eight grades, from trait absence (0) up to a large tubercle (7). All the grades formed a continuum, varying in the degree of expression, as in the ordinal grades developed by Mizoguchi (1993) . Perhaps because of the variety of classifications described in the literature, it is difficult to find precise morphological criteria that permit objective comparisons among studies. Using the classification of Dietz (1944) , we have compiled the data presented in Table 1 .
POPULATION FREQUENCIES
The tubercle of Carabelli is a phylogenetically ancient characteristic (Pereira, 1995) . Jeanselm and De Granda (cited in Della Serra, 1976) documented the presence of this tubercle in skulls of all eras, the first author reported trait from the remains of Adventicious denticulus which was a lemur. It also has been reported in specimens of Pithecanthropus sp. and in other Anthropoids (Corrêa, 1921) . Gregory (cited in Campbell, 1925) demonstrated the importance of the tubercle of Carabelli in the structural and phylogenetic relationships between primitive and more recent Anthropoids and Hominoids. Schwartz et al. (1998) studied the tubercle of Carabelli in the Australopithecus (A. africans and P. robustus) and De Terra (cited in Corrêa, 1921 ) considered this dental characteristic as a sign of civilized races, of which the Krapina man was used as an example.
From an evolutionary perspective, the tubercle of Carabelli tends to disappear in concert with reduction of the hypocone (Fig. 1A) , resulting in simplification of the occlusal surface (Reid et al., 1991; Mizoguchi, 1993; Hillson, 1996; Tsai et al., 1996) .
From a functional point of view, the tubercle is a compensatory structure of evolution reducing the mesiodistal diameter of upper molars as a result of excessive biomechanical stress exerted on the first molar (Mizoguchi, 1993; Tsai et al., 1996) .
The difference in the expression of the Carabelli's tubercle in the primary and permanent dentitions is a decreased frequency but with an elevated proportion of the tubercular form in the permanent dentition.
As an anthropological measure, the tubercle of Carabelli, in conjunction with other morphological traits has been used for the evolutionary study of races (De Castro, 1989; Johnson, 1999; Bailey, 2000) . Some characteristics of dental crowns were present or absent in various racial groups, with a great frequency that were viewed as identifying characteristics of these groups. For example, in Caucasians the frequency of tubercle of Carabelli is elevated, while the same was not true of the Mongol and in the Melanesian races where the tubercle can reach the size of the other cusps (Kraus, 1959; Abrams, 1992; Tsai et al., 1996) . Consequently, the trait can be relevant for dental and racial identification (Table 2) . In studies where the presence or absence of tubercle of Carabelli was quantified, the trait is found more commonly on the first molar. Occurrence of the tubercle on the second molar only occurs when it is also encountered on the first molar (Dietz, 1944) .
The differences in population frequency should be considered in terms of differential frequencies of genes regulating the velocity and duration of mitotic cell activity of the zona cingularis (Kraus and Jordan cited in Scott and Turner, 2000) .
At the beginning of the last century, G.V. Black (cited in Bailit, 1980) confirms that this dental trace "was hereditary, appearing regularly in children's teeth, when it was present in the parent's teeth. Also it is found, in a modified way when it is present in only one progenitor." Kraus (1959) , in his first analysis, suggested a model of simple autosomal transmission corroborated by other studies. He also considered, that the homozygous condition was responsible for a marked tubercle and that the heterozygous genotype determined the presence of small grooves, pits, tubercles or lobules (Figs. 1C and 1D ). Much later, Lee and Goose (1972) , Townsend and Brown (1981) and Pinkerton et al. (1999) proposed a multifactorial model in which, in spite of a strong genetic contribution, the environmental factors contributed to the expression of the characteristic. The high bilateral expression of Carabelli's tubercle in twins (Townsend and Martin, 1992; Pinkerton et al., 1999) and the high level of symmetry that has been found in various studies (Dietz, 1944; Scott, 1980) emphasize the importance of a genetic contribution to trait expression, without overlooking environmental factors.
The results of studies by Mizoguchi (1977) , Townsend (1981) , Kaul and Prakash (1981) , Scott and Potter (1983) , Tsai et al. (1996) , and Pinkerton et al. (1999) document the existence of sex dimorphism in the expression of the tubercle of Carabelli, namely that there is greater prevalence in males. On the other hand, Scott (1980) , Castro (1989) and Tsai et al. (1996) did not report any significant difference between the sexes.
SUMMARY
The tubercle of Carabelli is a morphological dental characteristic with relevance in anthropological and forensic studies. The study of its distribution 
